On QUEST, we are carrying out the steady state operation by RF current drive. A Thomson scattering (TS) system has been constructed to measure the plasma electron temperature. This system consists of a Nd:YAG laser of energy 1.65 J, a spherical mirror for collection of the scattering light, and a polychromator for spectroscopy. Because the Thomson scattering signal is weak for the low-density RF-sustained plasma, many scattering pulse signals were accumulated from steady-state plasmas. Electron temperature profiles were obtained for the steadystate spherical tokamak (ST) plasma for the first time. Six spatial points were measured by moving the fiber position, and the plasma electron temperature was in the range 10-500 eV. The targets of QUEST spherical tokamak (ST) research is steady state operation by RF current drive and controlled plasma wall interaction. The QUEST tokamak is an ST device with a major radius of R = 0.68 m and a minor radius of a = 0.4 m. An RF system of frequency 8.2 GHz is used for the current drive, and excitation of electron Bernstein wave is expected [1] . The typical electron density measured using a microwave interferometer is of the order 10 17 m −3 .
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The electron temperature measurement provided by Thomson scattering (TS) is highly reliable, and many devices are equipped with the TS system [2] [3] [4] [5] [6] [7] [8] . Temperature and density data are useful for equilibrium analysis and also for examining RF-current-driven plasmas.
Because scattering signal intensity is proportional to electron density, the measurement of electron temperature is expected to be difficult for low-density current-driven plasma. The steady-state period longer than 1 s, and the laser repetition rate is 10 Hz. Therefore, accumulation of many scattering pulse signals is possible.
The TS system is similar to that on TST-2 [9] , which uses the same power Nd:YAG laser, the same polychromators and the same optical fibers. Figure 1 shows the laser path, scattering geometry, main TS components, and QUEST vacuum vessel. The TS system comprises mainly three components: (1) Nd:YAG laser of wavelength 1064 nm, energy 1.65 J, pulse width ∼7 ns, repetition rate author's e-mail: yamaguchi@fusion.k.u-tokyo.ac.jp 10 Hz, output beam diameter less than 9 mm, and beam divergence 0.45 mrad, (2) a spherical mirror, and (3) polychromators. The output beam is focused near the center of the plasma by a lens of focal length 4 m. Figure 2 shows an image of the vacuum-side of the MH14 port. This image shows a large quartz window with an effective diameter of 318 mm and a thickness of 30 mm, a two-piece shutter, and a movable target. The solid angle of the window for the scattering light generated at the center of the plasma is approximately 0.067 sr. A movable and rotatable target assembly comprising a magnetocoupling transfer rod with a stroke of 1.4 m and a stainless steel plate target was installed above the laser injection port. This target scatters green laser light, which is coaxial to the Nd:YAG laser, for alignment of the correcting optics. A two-piece stainless steel shutter, which may be opened or closed by rotating each piece, was also installed. The shutter and movement mechanism should be compact enough to fit in the port, and the intrusion toward the plasma and the degradation of the viewing sight should be avoided. The design parameters, such as the position and direction of the rotation axis of the shutter, were determined by numerical optimization. The optimized direction of the rotation axis is not parallel to the MH14 flange and horizontal plane; the resultant maximum intrusion toward the plasma from the vessel wall is 45 mm, which is shorter than the limiter height of approximately 70 mm.
The laser beam passes through the plasma and is damped by a beam damper located outside the output window. The transmitted power at the beam damper is approximately 90 % of the laser output power. For the collection of scattering light, a gold-coated spherical mirror of radius 0.5 m and curvature radius 1 m is used. The TS system was designed to measure six spatial points in the plasma (major radius: 340-1080 mm). The scattering angle is 162-171
The system has a backward scattering configuration [2] [3] [4] in which the scattering length and scattering intensity increase. The scattering length is 17-51 mm, and the solid angle is 0.03-0.05 sr. We used a large numerical aperture (= 0.37) optical fiber (core diameter of 2 mm) [9] to collect the light reflected from the spherical mirror. A fast-response polychromator was developed for QUEST and TST-2 in study [10] . The polychromator comprises six avalanche photodiodes (APD) and interference filters. The spectral sensitivity of each channel is shown in Fig. 3 . The sensitivities are normalized by the input power to the polychromator, which is measured at the exit of the optical fiber, as shown in the figure. In addition, light from a standard light source is directly injected into the fiber to crosscheck the wavelength-integrated sensitivity for each channel. The plasma current sustained by an RF (8.2 GHz) power supply of 40 kW was 15 kA, and the discharge duration was approximately 8 s (see Fig. 4 ). The discharge duration was significantly longer than the time constant of the magnetic field penetrating through the vacuum vessel [1] , and the external field was kept constant. The plasma current, which was driven by the RF power supply, remained constant during the discharge. The plasma exhibited an inboard poloidal field null configuration and was characterized by a high value of β p [11] . We assumed that the plasma parameters remain constant during the period t = 3.3-8.2 s, and accumulated the signals to reduce the statistical error. We were unable to plot a trend for the temperature and density evolutions when the period was divided into several shorter periods and the temperatures and densities for these periods were compared.
Because the signal-to-noise (S/N) ratio of one pulse signal is low, signals from 3.3 to 8.2 s between 2 and 5 similar discharges (between 100 and 250 laser pulses) were accumulated. To reproduce similar discharges, the device was operated under the same operating conditions. Data on the same experimental day were used, and the similarity of plasma parameters, such as plasma current and radiation, was checked. Note that the plasma current is solely driven by the RF power supply, the similarity of the plasma current implies that the RF wave propagation, wave absorption, slowing down and confinement of electrons are similar. Figure 5 shows the averaged signals for each wavelength channel and the signal of a laser monitor PIN diode. In this case, the scattering point was located at the major radius of 636 mm. Because the stray light level at a given spatial point is similar to the scattering signal intensity, the stray light signal was subtracted. The averaged signals were integrated from 0 ns to 80 ns to extract the scattering component. The noise was estimated from the scatter of time-integrated signals during the periods before and after the scattering light was emitted. The maximum S/N ratio is approximately 10 for this experiment. Maxwell distribution function, which has two free parameters Temperature and intensity, was integrated with the wavelength sensitivity for each channel and compared to the corresponding wavelength channel. Figure 6 shows the comparison of these integrated values. The values on the vertical axis are divided by the wavelength width for each interference filter to illustrate the shape of the spectrum. The parameters were optimized to yield the best fit. The electron temperature is 21 ± 4 eV for this case. By moving the fiber position, we were able to obtain the electron temperature and density profiles (see Fig. 7 ). Evaluation of absolute density has not been possible; thus, the relative density profile was obtained, as shown in Fig. 7 . At each spatial point, scattering signals were accumulated between 2 to 5 discharges. The closed flux region was represented by R = 350-840 mm, which is obtained from RTFIT (the plasma was represented by a filamentary current, which is consistent with the magnetic measurements). The resultant electron density profile has a peak at ∼700 mm, and according to RTFIT magnetic calculation, a magnetic axis is also located around this position.
The electron temperature profile is rather flat at R = 600-1000 mm. The temperature near the inboard limiter is approximately an order of magnitude higher than that in the region R = 500-1000 mm. This result indicates the possible presence of a high-temperature region around the inboard null point. Plasmas with inboard poloidal field null configurations are being extensively studied [11] ; detailed studies in this regard are required. Thus, we developed a Thomson scattering system for QUEST and obtained Thomson scattering signals with a maximum S/N ratio of approximately 10. The electron temperature was in the range 10-500 eV in steady-state operation with the inboard null configuration. Unlike typical ohmic plasma, The temperature profile has no peak at the core plasma. The electron temperature profile was obtained by Thomson scattering on the RF-sustained steadystate spherical tokamak plasma for the first time.
